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2. Range of the patent claim 

1) It is a phosphor composition material which shall be characterized by being 
indicated by the ordinary formula of Zni.aMgaS : Pr^^, 0 < a < 0.20, which the 
main composition is composed of soHd solution of zinc sulfide and magnesium 
sulfide, and having the main emitting from Pr^"^. 

2) It is concerning the phosphor composition material, which is stated in the 
aforementioned (I) of the range of the patent claim, which shall be characterized 
by being indicated by 0.05 < a < 0.10. 

3) It is an EL element, which shall be characterized by making at least one 
component of the emission layer, which composes the EL element, shall be made 
of the phosphor composition material which is mentioned in (1) of the range of 
the patent claim. 

4) It is a vapor source target which shall be characterized by obtaining the phosphor 
composition material, which is mentioned in the (1) of the range of the patent 
claim, by forming. 



3. Detailed explanation of the invention 
[Utility field of the industry] 

This invention is concerning the composition of the phosphor, which shall indicate 
the excellent characteristics and is suitable for the use of white color EL display and 
light source for illumination, and shall be related to the (Zn, Mg) S : Pr^"*", which is the 
new phosphor composition material, which shall have the main emitting within the 
area between the blue green color and deep red color. 

[Existing technique] 

Existing examples which introduced the emitting ion to the (Zn, Mg) S bus (bus-bar) 
and the said host material are written in the documentary records, which are 
mentioned below. 

1) The emitting characteristics of the ultraviolet Hght excitation and the electron 
beam excitation concerning the phosphor material, which Cu, Ag, Pb, As, Sb, Bi, 
Cu - Mn, Pb - Mn and Cu - Pb are added to the host material of (Zn, Mg) S, 
which is composed of MgS less than 25 mol% and ZnS, were written on page 155 
to page 158, Vol. 99 (4) of the Journal of Electrochemical Society (1952). 

2) It is reported that the emission peak wavelength of the scattered EL, which shall 
use Zn i-x Mgx S : Cu, Br, shall be shifted from 525 nm to 436 nm together with 
the increase of x, on page 2100 to page 2108, Vol. 21 of the Journal of Material 
Science (1985). 
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3) Page 512 to page 516, Vol. 9 (4) of the Russian Journal of Inorganic Chemistry 
mentioned that the MgS shall solidly dissolve up to 22 mol% against the ZnS, and 
when the amount of the solid solution increases, both ao and co of the hexagonal 
lattice constant shall also increase. 

Next, the phosphor, which Pr^^ is added to the ZnS host material, which shall not 
make sohd solution of MgS, is written in the documentation records, which are 
mentioned below. 

4) In the S I D 80 Digest, Page 106 to Page 107 (1980), Voltage and luminance 
characteristics of the thin fikn EL element, which the emission layer of ZnS : PrF3 
shall be sandwiched between the insulation layer of Si3N4 and another insulation 
layer of Y2O3 is shown. 

5) In the 36 pages within the Physics Status Solidi, a69, Page 1 1 to Page 66 (1982) 
shall indicate the comparison between the EL emitting spectrum of ZnS : PrFs and 
the case when other rare earth compounds are added. 

On the other hand, concerning the structure of EL element, the example is as 
follows. 

6) In the TOKUKAISHO 61-49397, it indicates such full-color thin fihn EL element 
which features that it consists of 2 substrates which are the transparent substrates 
that one of the emitting EL elements of red, green or blue, is formed on, and 
another transparent substrate which the emitting EL element of the remaining two 
colors are formed on and that both substrates are arranged at the facing way to 
each other. 

[Problems to be solved by the invention] 

Above (1) and (2) within the abovementioned existing examples are concerning the 
phosphor, which introduced the emitting ion, which is different from Pr^"^, and both of 
them shall not have a sufficient amount of red color emitting component of the longer 
wavelength than 600 nm. Also, the thin fihn EL element, which is created using these 
phosphor materials as the initial (starting) raw material shall not emit at all or even if it 
does, the luminance would be extremely low. 

Next, the above (3) of the existing example is only related to the host material which 
shall not introduce the emitting ion, and it is very difficult to obtain the sufficient 
emitting (self emitting) by adding the energy from outside. Also, concerning the above 
(4) and (5) of the existing examples, although they are the phosphor material which 
introduced the Pr^"^, which is the same material as the one used in the invention, to the 
ZnS host material, there is a disadvantage that the emitting of the area of 520 nm to 620 
nm, which is necessary to have in order to obtain the white color display, is weak. 

Further, the above (6) of the existing example shall have a weak point in the structure of 
the element, which shall become complicated in order to obtain the white color display. 
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The purpose of this invention is to provide the new phosphor composition material, 
which has solved many of the abovementioned problems. 

[Method of how to solve the problem] 

The abovementioned purpose shall be accomplished by selecting Pr^"^ as the emitting ion, 
which the El transition shall distribute from the blue green color to the deep red color as 
well as enlarging the ZnS host material lattice in order to introduce Pr^"^ easily. 

As it is known, the ion radius of Zn^"" is r = 0.74 A, which is small compared to the ion 
radius of Pr^"", which is r = 1.09 A, therefore, in order to introduce designated amount of 
Pr^"^, the expansion of the host material lattice shall be desired. One of the methods to 
expand the host material lattice is to make MgS into solid solution to ZnS. For example, 
when MgS of 22 mol% is made into sohd solution to ZnS, it shall become hexagonal 
crystal, and the lattice constant ao shall be increased by 1.9%, and the lattice constant co 
shall be increased by 1.1%. 

Also, when introducing the emitting ion of the 3 atoms of Pr^"^, etc. to the lattice point of 
the positive ion of the 2 atoms such as Zn^"^ or Mg^"*", etc., intermediate raw material 
which shall begin with high purity Mg metal shall be used instead of the intermediate raw 
material which shall begin with MgO, for the use of Mg raw material, and such firing 
method to control from intervening of silver sulfide and oxygen ion to the utmost is 
adopted. 

[Function] 

The first advantage of this invention is that the adjustment of Pr^"^ density in order to 
make the best luminance becomes easier by enlarging the host material lattice from ZnS 
to (Zn, Mg) S, and the xmiversal method to obtain sufficient density in connection with 
the introduction of other rare earth ion of 3 atoms than Pr^"^ to ZnS, which is breaking the 
common sense concerning introducing sufficient amount of density, which is supposed to 
be very difficult until now, is also mentioned. For example, concerning the thin fibn EL 
element, the upper limit of the Pr^"** density within the emission layer can be increased at 
least by one digit compared to the case of ZnS as the host material. 

The second advantage is that the emitting of the area of 520 nm to 620 nm, where the 
existing phosphor of ZnS : Pr^"" shall not emit efficiently, shall be increased by MgS solid 
solution, and also the adjustment of emitting intensity shall become possible by 
depending on the amount of the MgS solid solution. Further, concerning the thin film EL 
element, the adjustment of the emitting intensity shall become possible also by the drive 
frequency. As a result, using the abovementioned second advantage, a wide range of 
white color display or white color illumination, which shall correspond to the suitable 
field from the warm white color to the daylight white color, which is the correlative color 
temperature of 2300 K to 5000 K can be obtained 

[Example of implementation] 
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Herebelow, this invention shall be explained in accordance with the implementation 
example. 

Implementation example 1 

Concerning the ordinary formula of Zni.aMgaS : Pr, the characteristics of this invention is 
to be a > 0. In order to clarify that the effect of a > 0 is not from the impurity v^ithin the 
Mg raw material, especially to clarify that it is not by the oxygen impurity, which can 
easily mix in together with Mg, the target for the deposition and the phosphor 
composition is created following the flow chart of Figure 1 using the 2 kinds of the Mg 
material, and then the thin film EL element is created using the said target. 

Both of the 2 kinds of Mg material shall be indicated as MgS04 and shall have at least 
99.9% of the purity, however, the initial (starting) raw materials are different. Now the 
material, which is started from MgO, shall be indicated as (A), and the material, which is 
started from the high purity Mg metal shall be indicated as (B). First of all, the target 
which shall have the composition of Zno.9Mgo.1S : 0.03Pr, which is a = 0.1, is created in 
accordance with Figure 1 using (A) and (B), and it was analyzed after. As a result, it was 
confirmed that with the method (B), Ca became 20 ppm from 700 ppm and Cr, Mn, Fe 
and Cu was reduced to less than 10 ppm from 220 ppm compared to the method (A). 
From the result, it is assumed that the oxygen impurity density was decreased by 
corresponding to those impurity density. 

Next, using the target of the abovementioned (A) and (B) as the deposition source, the 
ordinary thin fihn EL element of the 3-layered structure is created by the EB (electron 
beam) deposition technique. Y2O3, which shall be commonly known, is used as the 
insulation layers which shall sandwich the emission layer. Example of the comparison of 
the characteristics of the obtained element is shown in Table 1. As it is obvious from the 
table, concerning the element, which shall contain the emission layers of the same layer 
thickness, when starting from (B) method raw material, all of the emitting starting 
voltage, relative luminance and frequency characteristics are better compared to the (A) 
method. 



Table 1 



Kind of the Mg 
raw material 


Fihn thickness 
of the emission 
layer (fxm) 


Emitting 
starting voltage 
Vth(V) 


Relative 
luminance L of 
(Vth+30)V 
(%) 


Power series of 
frequency 
characteristics 
n[Loc/"] 


A 


0.66 


188 


100 


0.71 


B 


0.66 


162 


148 


0.95 



Concerning the Mg containing phosphor, which is the characteristics of this invention, it 
shall give quite an amount of effect to each of the characteristics of the purity of the Mg 
raw material, in other words, the effect can be actuahzed only if the purified Mg raw 
material is used, which was discovered from this implementation example. 



Implementation example 2 
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Concerning the ordinary formula of Zni.aMgaS : Pr^"", the vapor source target, which shall 
have the composition of 5 levels of a value, which shall indicate the amount of MgS solid 
solution making the Pr^* density fixed as 0.03 mol, which are a = 0 (comparison 
example), 0.01, 0.05, 0.10 and 0.15, was created. As for the use of the Mg raw material, 
the (B) method, which was confirmed to have good characteristics in the implementation 
example 1, was used. 

Using the abovementioned target, the ordinary thin fihn EL element of the 3-layered 
structure was created by the same method as the implementation example 1. The 
thickness of the emission layer was fixed as 0.66 ^m, which was same as the case of 
Table 1. 

The relative luminance, the chromaticity coordinates and the correlative color 
temperature, which was calculated firom the chromaticity coordinates, at the fi-equency of 
5 KHz under the sine wave drive, were shown in Table 2. The relative luminance of the 
table is the relative value of the actually measured value of making a = 0, which shall 
mean that making the luminance of when the emitting starting voltage Vth plus 30 V of 
ZnS : 0.03 Pr, which is the common phosphor material, which shall not have MgS solid 
solution, is made as the criterion. 

As it is obvious fi-om the table, when a > 0, the higher luminance was obtained than when 
the element was a = 0, and when a = 0.05, the highest value of 173% was obtained. 
Further, the same performance, which are phosphor composition and development of 
element, were tried when a > 0.15, however, the scattering of the luminance 
characteristics became large, and the average luminance was around 100%. The reason 
of this is assumed that because it is close to the 22 to 25 mol%, which is the limit of MgS 
solid solution against ZnS, which is when a = 0.22 to 0.25, which was conjectured from 
the existing examples of (1 ) and (3), which were mentioned in above. 



Table 2 



a 


Relative 
luminance (%) 


Chromaticity 
coordinates 


Correlative 
color 

temperature (K) 


x 


y 


0 

(comparison 
example) 


100 


0.354 


0.434 


5000 


0.01 


104 


0.387 


0.426 


4200 


0.05 


173 


0.451 


0.357 


2400 


0.10 


143 


0.469 


0.372 


2300 


0.15 


110 


0.452 


0.394 


2700 



Next, when paying attention at the chromaticity coordinates of Table 2, although the y 
value of the chromaticity coordinates is not necessarily monotony against the increase of 
a value, it shall have the tendency of rather decreasing, and therefore, it shows that the 
improvement of the luminance, which is accompanied by the increase of the 
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abovementioned a value, is not because of the apparent increase of y value. Fiirther, it 
was discovered that the chromaticity coordinates shall also change depending on the 
drive frequency. For example, the chromaticity differences of 1 A x | 1 A y | at 5 KHz 
and 1 KHz was the maximum of 0.001 when using ZnS : Pr^"" of a = 0, however, when a = 
0.05, the maximum was 0.021, which became larger than one digit. 

Figure 2 is the emitting spectrum of when performing at the sine wave drive and 5KHz of 
the element, which is composed of Zno.95Mgo.05S : 0.03Pr, which is a = 0.05, which is the 
value when the highest luminance was obtained. When comparing this to the emitting 
spectrum of ZnS : Pr^"", which is mentioned in the existing example (5) in above, the 
emitting intensity of 520 to 620 nm area was increased, and it is assumed that only by 
introducing 5 mol% of MgS, it shall create the mixing of J condition of Pr^"^, which 
resulted to increase the emitting transition probability. When a > 0, beside the increase of 
the emitting intensity of the abovementioned wavelength area, there was a tendency that 
the deep red color emitting shall appear stronger than the blue green color emitting, and 
as a resuh of this, the large amount of the change in the correlative color temperature, 
which shall depend on the value of a, which is mentioned in Table 2, was obtained. 

Figure 3 was the result of the research concerning the distribution of Mg / Zn, Pr / Zn and 
Y / Zn, which are the fihn thickness direction of the 0.8 mm^ (unit is not visible) area of 
the 2-layer structure fihn by 0^^ ion irradiation making the subject as the trial material of 
the 2-layer structure, which the emission layer, which shall have the composition of a = 
0.05, was deposited for the amount of approximately 1 |im, on top of the Y2O3 insulation 
fihn, which was deposited on the glass substrate in advance in accordance with the 
creating process of the thin fihn EL element of the ordinary 3-layered structure. From the 
figure, it is seen that the distribution of the emitting ion Pr of the fihn thickness 
direction shall correspond well with the distribution of Mg of the host material. It proves 
that Pr^"" shall introduce effectively under the existence of Mg. 

Implementation example 3 

The synchronization of the below mentioned compositions was performed for the 
purpose of the luminance comparison of when using MgS and not using MgS by 
excitation except by the electric field. The Pr^*" density of the trial material which was 
used for the comparison was lowered by one digit compared to the case of the 
implementation example 1 and 2, and the composition of the host material was made as 
Zno.95Mgo.05S, which shall be corresponded to a = 0.05 and ZnS, which shall be 
corresponded to a = 0. In accordance with the flow chart of Figure 1, the 
abovementioned composition was measured and dry mixing (symbol 2 of the figure) was 
performed, then after that, lOOg of the said mixture shall be filled up carefiilly to the 
transparent quartz boat, and firing was performed for 2 hours at 1000 °C at Ar discharge 
200 ml / min. without performing the process of the symbol 3 of the figure. Before and 
after the firing, Ar gas was discharged for a whole day and night. 

Next, water sedimentation applying was performed to the obtained powder phosphor 
material, and the powder luminance by the electron beam excitation was compared. The 
condition of the excitation is 27 KV of the accelerated voltage and 0.16 |aA / cm^ of the 
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density of the electric current. Based on the luminance of the ZnS : 0.003 Pr^"^ of the 
common phosphor, which is equivalent to a = 0, in the case of the Zno.gsMgo.osS : 0.003 
Pr^"^, which is equivalent to a = 0.05, which is related to this invention, could obtain the 
luminance of 3.6 times. 

[Effectiveness of the invention] 

As it is explained, in this invention, by making MgS into solid solution with the host 
material of the ZnS : Pr^"^ of the common phosphor, the host material lattice shall be 
expanded in order to make the introduction of the emitting ion Pr^"*" easy, 1.7 times of the 
luminance compared to the ZnS : Pr^"^ contained EL element, which is created by the 
same manufacturing method applying to the emission layer of the thin film EL element, 
is obtained. Also, by adjusting the amount of MgS soUd solution, side correlative color 
temperature adjustment of between 5000 K and 2300 K shall become possible. The 
effectiveness of the MgS solid solution shall not be limited to the abovementioned thin 
fihn EL element. If it is within the field which shall have the applicable results of ZnS 
either past or current, even by giving the other type of energy beside electric field, the 
effect can be accomplished by making the best condition between the Pr^"^ density and 
MgS solid solution, and the luminance of the electron beam excitation shall exceed 3 
times of the luminance of the existing phosphor. 

Because generally the Pr^^ shall generate the emitting which shall have the wide visible 
wavelength area, therefore, it is effective to apply for the use of the white color display 
element and white color illumination light, where the visual recognition is quite 
important, and especially it is very effective in the field, which shall require the warm 
white color. 

Further, this invention shall create the effect by introducing Pr^"^ to the Mg contained host 
material, however, even if very small quantity of the emitting ion beside Pr^"^ is 
introduced, the effectiveness of the Pr^"^ emitting shall not be damaged. 

4. Simple explanation of the figures 

Figure 1 is a flow chart which shall indicate the composition method of the phosphor 
composition which is mentioned in the implementation example of this invention and the 
manufacturing method of the vapor source target using the material, Figiire 2 is a figure 
of the emitting spectrum of the thin fihn EL element which shall have Zno.95Mgo.05S : 
0.03 Pr as the emission layer, and Figure 3 is a figure to indicate the fihn thickness 
direction structure ion distribution within the emission layer of Figure 2. 

Figure 1 

1: Sulfide treatment 

H2S 100ml /min. 

Up to 1000 °C 
2: Mixing the amount 
3: Applying pressure, molding 
4: Sintering 
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At 200 ml / min. 
Up to 1000 °C 
5: Deposition target 
Zm-aMgaS : Pr^"" 



Figure 2 Figure 3 

Vertical: Relative emitting intensity (%) Vertical: Count number 
Horizontal: Wavelength (nm) Time: (min.) 



